We report the in situ synthesis of polyaniline/copper oxide (PANI/CuO) nanocomposites and their characterization as electrocatalyst for non-enzymatic electrochemical glucose detection. Copper oxide (CuO) nanoparticles were prepared by wet chemical precipitation method followed by thermal treatment while the composites of PANI and CuO were synthesized by in situ chemical polymerization of aniline with definite amount of CuO. X-ray diffraction (XRD) results revealed that the composites are predominantly amorphous. The composite formation was confirmed by fourier transform infrared (FTIR) and UV-Vis spectroscopy analysis. The surface morphology was greatly altered with the amount of CuO in composite structure. PANI/CuO nanocomposites were coated on copper substrate to investigate their electrocatalytic activity for glucose sensing. PANI/CuO with 10 wt. % CuO exhibited good response towards electrochemical glucose oxidation.
Introduction
Diabetes mellitus, a chronic metabolic disorder, resulting from glucose concentrations lower or higher than the normal range (4.4-6.6mM) [1] . The increasing number of diabetic patients has compelled scientists to search for fast and stable technologies to detect blood glucose level. The development of rapid, simple, effective, highly selective, biocompatible, easily portable, environment friendly and inexpensive glucose sensors are extremely desirable in several fields including pharmaceutics, clinical diagnostics and food industry [2] . Enzyme-based electrodes using glucose oxidase (Gox), due to their selectivity and high sensitivity have been extensively used to design various amperometric biosensors for the detection of glucose [3] .
Besides their potential applications in biosensing, enzyme-modified electrodes have a number of drawbacks, including inadequate thermal stability, high cost of enzymes, acute functioning environments and complex procedure of immobilization. Moreover, the environmental conditions such as humidity, pH value, ionic detergents, temperature and toxic chemicals can easily affect the catalytic activity of Gox [4, 5] .
Researchers are nowadays taking interest to develop simple enzyme-free glucose sensors with desirable properties of sensitivity, selectivity, environment friendly, stability, using simple organic and inorganic precursors.
For this purpose electrodes modified with pure metals [6, 7] , alloys [8, 9] , metal/metal oxide [10, 11] and composites of conducting polymers with other materials [12, 13] have been developed. However, the high cost of rare metals, poor sensitivity, narrow linear range and and reduced selectivity to glucose, possibly due to the surface etching or poisoning during the electrochemical process have limited their potential applications in biosensors [14] .
Hence, the development of a highly sensitive, cheap and free of interference sensor for non-enzymatic monitoring of glucose is still critically required.The organic conducting and nonconducting polymers due to their facile synthesis and low cost are nowadays used for the preparation of a number of nonenzymatic biosensors.
The polymer provides a matrix for immobilization of enzyme or inorganic catalyst having a three dimensional arrangement and have been used for the detection of carbohydrates in alkaline and neutral medium [15] . Recently, PANI has drawn considerable interest due to their unique conducting properties and has been largely applied in biosensing owing to its distinctive and controllable electrochemical characteristics [16] , its environmental [17] , thermal [18] and electrochemical stability [19] as well as interesting electro-optical properties [20] . Additionally, PANI is known to have comprehensive tunable properties originating from its structural flexibility which ultimately leads to many applications in the fields of anti-corrosive coatings, energy storage systems and gas sensing [21] . Conversely, copper oxide, a P-type semiconductor, is of particular interest in various applications including catalysis [22] , semiconductors [23] gas sensors [24] , biosensors [25] , and field transistors [26] due to narrow band gap (1.2eV), high specific surface area, good thermal conductivity, good electrochemical activity, antibiotic properties and photovoltaic properties [27] . The presence of CuO nanoparticles as impurities in carbon nanotubes based electrodes has been confirmed to be responsible for the electroxidation of glucose [28] . A glucose sensor fabricated by electrodepositing copper oxide nanocubes on graphene has shown good activity [29] . Furthermore, CuO/Cu(OH)2 nanoparticles deposited on graphite-like carbon films exhibited greater sensitivity and stability for sensing of glucose [30] . These studies suggests the importance of supporting material of CuO nanoparticles for its enhanced glucose sensing performance.
In 
Experimental

Reagents
All the reagents were of analytical grade and used without further purification except aniline which was distilled repeatedly for every experiment. Aniline, sodium hydroxide and ammonium persulphate were purchased from Merck (E. Merck, D-6100, Darmstadt, FR. Germany). Hydrochloric acid, copper acetate, acetic acid, and absolute ethanol were purchased from BDH London. 
Synthesis of CuO Nanoparticles
Synthesis of PANI
Polyaniline was prepared via oxidative chemical polymerization method using hydrochloric acid as dopant and ammonium persulphate as oxidant. A 100 mL hydrochloric acid solution (0.2M) was prepared to which 1.9 ml aniline monomer was added and stirred at 0°C in an ice bath for 10 minutes. Then a precooled ammonium persulphate solution (0.2m) was added dropwise for half an hour with constant stirring at 0°C. The solution was further stirred for 6 h in an ice bath by magnetic stirrer and then kept in a refrigerator for 18 h at 0°C. The final product was filtered and washed with distilled water and ethanol respectively many times. After washing, the resultant polymer was dried in an oven at 80°C for 6 h and stored in airtight bottle. The solution was further stirred at the same temperature for 6 h and then placed in a refrigerator for 18 h at 0°C.
Synthesis of PANI/ CuO nanocomposites
The final product was washed with water and absolute ethanol respectively several times and then dried in an oven at 80°C for 6 h. In this way five different composites of PANI with 10%, 20%, 30% 40% and 50%
(weight %) of CuO were prepared.
Fabrication of Glucose Sensor
PANI/CuO nanocomposites were coated on copper substrate. Prior to deposition, the substrate was cleaned 
Characterization
FTIR Analysis
FTIR spectra of CuO nanoparticles is shown in The bands at the region 1404 cm -1 is due to the presence of carboxylate ions bound to CuO nanoparticles as bidentate ligand [32] . The band at 1639 cm -1 might be due to the formation of covalent bond between CuO nanoparticles and the -OH group from adsorbed water. is shifted to lower wavenumber in all nanocomposites. All the above mentioned changes in the spectra reveals that there is some sort of interaction between PANI and CuO nanoparticles. This change has been attributed to the change in molecular order and slight loss of conjugation in PANI, resulting in strong localization of electrons over PANI ring [33] .
UV-Vis Spectroscopy
The UV-Vis spectra of CuO nanoparticles was obtained using water as solvent while the UV-Vis spectra of PANI and all nanocompsites were recorded using N-methylpyrrolidine as solvent. The UV-Vis spectra of CuO nanoparticles show a broad absorption peak at 290 nm while that of PANI as shown in Figure 3 (A) has two distinctive broad bands at 330 nm and 641nm.The spectra are identical to previous work in literature [34, 35] .
The band at 330 nm is attributed to π-π* transition of benzenoid ring while the band at 640 nm is assigned to π-π* transition of quinoid ring of PANI. 
Electrochemical Glucose Sensing
Conclusion
